Abstract. In this paper, we propose a directional routing protocol for airborne-sea ad hoc networks (ASNETs). Directional antennas have the potential to provide a fundamental breakthrough in ad hoc network capacity, connectivity, and covertness because they have great advantages such as high spatial reuse and range extension. ASNETs is a special ad hoc network which include two kinds nodes, namely aircraft and ship. To fully exploit the benefits of directional antennas in ASNETs, a Node-Avoided Directional Routing (NADR) protocol is to be considered. The main feature of NADR is that route request packets is always transmitted by those less load nodes. That is why NADR can effectively balance the load of node. Preliminary simulation results are found to be very promising, the performance of NADR is better than DSR and DRP in terms of the packet delivery ratio and throughput.
Introduction
Wireless ad hoc networks, particularly, mobile ad hoc networks such as airborne ad hoc networks (AANETs) [1] and vehicular ad hoc networks (VANETs) [2] have been experiencing a modernization that make a significant change in human life. One can define the wireless ad hoc network as dynamic network because it is a group of communications devices or nodes that communicate with each other without fixed topology and without pre-determined organization. In this paper, we mainly research Airborne-sea ad hoc networks (ASNETs) which will support the military battleground to preserve some information among the aircrafts and ships.
Most of the existing works [3] [4] on wireless ad hoc networks assume the use of omni-directional antennas at the physical layer that radiate or receive power equally well in all directions. With omni-directional antennas, the distribution of energy in all directions other than just the intended direction generates unnecessary interference to other nodes thereby considerably reduces network capacity. On the contrary, with directional antennas or smart antennas [5] both transmission range and spatial reuse can be substantially enhanced by having nodes concentrate transmitted energy only towards their destination's direction, thereby achieving higher signal to noise ratio and reducing multipath components.
There are a few studies of routing protocols using directional antennas. Directional Routing Protocol (DRP) [6] is an on-demand directional routing protocol which is specifically tuned to the underlying directional antennas. DRP attempts to alleviate some of the inherent drawbacks involved in directional communications while exploiting the potential benefits such as increased coverage range and directionality. It is worthwhile to note that throughput gain in case of directional antenna systems depends on the topology under consideration.
Directional Antenna based RouTing (DART) protocol [7] that utilizes direction information to route packets. The direction information is more robust to mobility than precise hop-by-hop path information, which makes DART suitable to highly dynamic scenarios. In N-node networks, the control packet overhead and routing mapping storage overhead scale as ( ) N Θ and
. These overheads do not vary with mobility and network loads, which make DART scales well with increasing mobility and network size.
Load-Aware Directional Routing (LADR) [9] is an on-demand routing protocol and based on DDSR. In LADR, a route request packet is sequentially transmitted from the beam with few loads to establish a fewer loads route. LADR realizes load balancing without additional control overhead. Simulation results show that LADR outperforms DDSR in terms of the packet delivery ratio, throughput, and end-to-end delay, especially when the sending rate is high and the number of the sessions is large.
But, those directional protocols can't be directly applied to the airborne-sea ad hoc networks. Due to the particularity of the ASNETs, the advantages of above-mentioned protocols become not obvious. They can't solve the problem that the gateway nodes of ASNETs have too many packets to forward. Routing through gateway nodes may lead to congested networks. In order to solve this problem, we proposed Node-Avoided Directional Routing (NADR) protocol which can avoid gateway nodes when source node discovery routing.
Assumption and Model
In order to study the problem better, we make the following assumptions, including scenario model, antenna model and node model Our algorithms are used in ASNETs. In Fig.1(left) , there are two kinds of nodes, that is, aircraft and ship. Each node is distinguishable by a unique identifier such as a MAC address and moves at its own speed. As you can see, the ships formed a network called SNET which can help aircrafts to transmit or receive information. That is to say, the aircrafts must build a link with a ship called gateway if they need transmit or receive information. ASNETs are a three-dimensional wireless ad hoc network and SNET is a two-dimensional wireless ad hoc network. We put the aircraft and its gateway together, so, we just need think about a two-dimensional topology. Fig.1(right) is an abstract scenario, we assume that five nodes formed an ad hoc network. In the network, node S and node B are gateway, they need transmit not only their own packets, but also the packets of aircraft nodes.
The antenna model is comprised of N antenna elements. Each element has a conical radiation pattern, spanning an angle of 2 / N π radians ( Fig. 3 ). Non-overlapping directional beams are numbered from 1 to N, running clockwise. The antenna system offers two modes of operation: Omni and Directional. We assume that a node can operate in any one mode at a given time, but can toggle modes with negligible latency. while a node idle (neither transmitting nor receiving), it waits for signals in Omni node and receives signals from all directions with gain o G . After a signal is sensed in the Omni mode, the antenna detects the beam (direction) on which the signal power is strongest and goes into the Directional mode. In Directional mode, a node can select only one of its antenna elements and beamform using it, with a gain Each node works synchronously with global time like TDMA. There are two kinds of nodes, aircraft node and ship node. In this paper, we mainly focus on the ship node and SNETs. As Fig 2 shows , we use N=6 for ship nodes, the beam width of antenna is 60 degrees.
Routing Protocols
In this section, we will describe the NADR protocol, Fig.2 is our scenario for those routing protocols. In order to illustrate this protocol more fully, DSR and DRP will be discussed in this scenario.
DSR is a reactive routing protocol based on source routing. When a node does not have a route cache entry for a destination node to which it needs to send data packets, it broadcast a RREQ packet to initiates a route discovery. The RREQ packet contains the destination and the identities of the source. Any node that receives a RREQ packet adds its identity to the header of the RREQ packet and rebroadcasts it. When a RREQ packet reaches the destination, a RREP packet is sent back to the source node following the same route that was traversed by that RREQ packet in the reverse direction. The RREP packet contains the entire route to the destination, which is recorded in the source node's route cache. When an existing route breaks, it is detected by the failure of forwarding data packets on the route. On detecting the link failure, the node sends a route error (RERR) packet to the source. All intermediate nodes that receive the RERR packets delete existing routes from their route caches that contain the broken link. If a route is still needed, a route rediscovery is initiated.
The route discovery mechanism in DRP works similar to DSR. For a given source X, and destination Y, if Y is not in the directional neighbor table (DNT) of X, X floods a route query (RREQ) packet in the network. DRP enforces broadcast optimizations [10] to reduce packet redundancy and route discovery latency. Whenever a node receives a RREQ packet it starts a delay timer (DT). If the same RREQ packet is received again before the expiration of this timer, the node makes a note of all the beams where that packet arrived from. The node forwards the packet in only those beams/directions other than those in which the packet arrived. Amongst the selected beams, DRP initiates a rebroadcast in the beams which are vertically opposite to the beams where the node received the broadcast packet. Next, the beams which are adjacent to these vertically opposite beams are chosen. This shall continue till all the selected beams are covered. 4 shows an example of DRP with the selective forwarding. Node S floods a route query (RREQ) packet in the network using all beams. After receiving the RREQ using beam 5, node A forwards it with beam 1 for the first time. In this way, node D responds by sending the RREP packet to node S using the route <D-B-A-S> after it received RREQ. The first arrived RREQ went through a path with fewer loads, and the source node can obtain the route <S-A-B-D>. But, it is not the optimal in terms of traffic load even though it is a shortest path. In our scenario, node B is a gateway and there are always more traffic loads, it is more likely to cause delays and congestions. Moreover, the link between node B and the aircraft maybe cause interference to other links. It is very important for routing protocols to avoid gateway in this scenario and The NADR can solve the problem effectively. NADR is based on DRP, and the only difference between NADR and DRP is that NADR will bypass the gateway nodes as far as possible. Therefore, NADR realizes load balancing without additional control overhead. The details of NADR are presented next. We use Fig. 5 to explain the procedure of NADR. Assume that node S is the source node and node D is the destination node. When node S needs to send data to node D, it checks its routing table. If a route does not exist, the node broadcasts a RREQ packet to all directions (i.e., sweeping). 6 is the flow chart of NADR. Node A receives the RREQ transmitted by node S, and it has not seen before. NADR also initiates a rebroadcast in the beams which are vertically opposite to the beams where the node received the broadcast packet. Next, the beams 2 and 6 are chosen. Node B receives the RREQ node A in the first time, as a gateway, it will start a longer delay timer (LDT). The length of LDT depend on the traffic load of node B, the greater the traffic load, the longer the LDT. When there are no traffic load from the aircraft, LDT is equal to DT. Node C receives the RREQ from node A later, but it forwards RREQ before node B because node C is not the gateway. On receiving RREQ, node D responds by sending the RREP packet to node S using the route <D-C-A-S>. The first arrived RREQ went through a path with fewer loads, and the source node can obtain the optimal route <S-A-C-D>. It is obviously that the route <S-A-C-D> is a more appropriate choice for node S to D.
Simulation and Analysis
In this section, we will gather data of throughout, end-to-end delay and packet delivery ratio of three kinds of protocols. Then, the performance of the proposed protocol using directional antennas in airborne-sea ad hoc network will be evaluated.
The following scenarios are configured for the performance of the proposed algorithms: about 100 ship nodes are randomly placed on a quare flat of 20 km *20 km and its speed is 25 Kts. About 20 aircrafts are randomly placed on the location of the height of h and every aircraft links a ship. Random source-destination pairs of CBR traffic are chosen at random. Transmission range of the omni-directional antenna is 3 km and that of the directional antenna is 6 km. The data size is 1024 bytes and the data rate is 11 Mbps. Each node is equipped with 60-degree-width beam. These results are gained in OPNET which is an event driven simulator. Fig.7 shows the network throughput of three protocols, respectively, when the number of session is 10 and sending rate of each session is changed. The results show that NADR and DRP achieve the higher network throughput than DSR. This is because the directional routing protocols can establish shorter hop routes, and this reduces the consumption of the wireless channel. In addition, directional transmission can reduce the interference between nodes, and consequently more node pairs can communicate simultaneously compared. Therefore, it is shown that the benefits of directional antennas (i.e., range extension and high spatial reuse) can improve the network performance. NADR outperforms DRP especially when the sending rate is high. This is because that the first arrived RREQ goes through a path without gateway and the route coupling is reduced in NADR. In DRP, route coupling among routes increases the contention among neighboring nodes and reduces the throughput. In Fig.8(left) , the effect of sessions' number is shown. We model that the sending rate of each flow is set to 0.5 Mbps. NADR outperforms others especially when the number of session is large. This is because other protocols suffer from the heavy route coupling and introduce congestion. On the other hand, NADR balances the loads of the entire network. The results show that our proposed Node-Avoided Directional Routing (NADR) protocol is more effective when there are more aircrafts. In order to study the effect of mobility for delivery rate, we configure the following scenario. Nodes follow the random waypoint mobility model with varying speeds. Two pairs of source and destination nodes were selected randomly and CBR traffic with a data rate of 0.5Mbps was started between them. For each topology, we average the results over 7 different seeds. As Fig.8(right) shows, DRP and NADR have a very high packet delivery ratio in comparison to DSR for every topology. This can be attributed to the larger range of these models, which result in very few hops. With the increase of velocity, delivery ratio drops. Simulations show that the NADR performance is better than that of DRP, this is because of a lot greater number of link failures in the case of DRP as compared to NADR because of the interference of aircraft and gateway.
Conclusions and Future Work
In this paper, we proposed a Node-Avoided Directional Routing (NADR) protocol to address the problems related to ad hoc routing using directional antennas, and investigated several issues that potentially play a role in determining network performance. NADR is an on-demand routing protocol and based on DRP. In NADR, the gateway nodes are avoided to establish a fewer loads route and reduce conflicts. Through the analysis and simulations, we can see that NADR has a good performance in network throughput and packet delivery radio.
However, there are still some rooms for those algorithms to be improved. NADR increases the value of LDT, and as a negative outcome, the performance in End-to-End delay of NADR is bad. These issues will be studied in the future.
